We present a comprehensive study of the interstellar NaI λ5890, 5895 (NaD) resonant lines in a complete spectroscopic sample of∼ 600, 000 galaxies drawn from Sloan Digital Sky Survey (SDSS, DR7) in order to look for cold-gas outflows in the local Universe. This is the first time that doppler blue-shifts of the NaD absorption feature have been investigated as a tracer of cold gas kinematics (T < 1000 K) with a statistically significant sample that includes passive, star-forming and starburst galaxies. Individual galaxy spectra are stacked in bins of stellar mass (M ⋆ ) and star formation rate (SFR) and the dependence of galactic winds, with respect to the galaxies position in the SFR-M ⋆ plane is investigated. While in most cases the interstellar medium (ISM) absorption and emission lines are fixed at the galaxy systemic velocity, at the higher SFR tail (SFR> 12.5M ⊙ yr −1 ), we find evidence of blue-shifted NaD absorption profiles (by more than instrumental resolution, 70 km/s), which we interpret as evidence of neutral outflowing gas. We explore the properties of the ISM in these galaxies with high SFR, in particular relating the absorption NaD line shape with the galaxy geometry in galaxies with different ionisation mechanisms: Active Galactic Nuclei (AGN) and star-formation. We find that: a) the ISM NaD absorption lines show a clear transition from a strong disk-like component, perfectly centered to the systemic velocity, in the edge-on system (inclination i > 50
Introduction
In the past 10 Gyr, after a phase of high and rather constant star formation activity, the Universe has undergone a drastic decline in the star formation activity of the galaxy stellar population by almost an order of magnitude (e.g. Lilly et al. 1996; Madau et al. 1998; Madau & Dickinson 2014 , for a comprehensive review). The physical mechanisms that removes gas from a galaxy and/or prevent gas from condensing into new stars, commonly known as quenching mechanisms, are not yet fully understood. Unmasking the identity of the quenching processes is key to advancing our understanding of how galaxies form and evolve in the cosmic time.
The most accredited galaxy formation models indicate that, in central galaxies, defined as the most luminous and massive galaxies in the dark matter halo, the efficiency of converting the gas reservoir into stars reaches a maximum at dark matter halo masses ∼ 10 12 M ⊙ (see for example Croton et al. 2006; Guo et al. 2011 based on the Millennium Simulation, and Moster et al. 2010; Behroozi et al. 2010; Yang et al. 2012 among the mass abundance matching models). Galaxies with both lower and higher mass than this mass threshold are less efficient at forming stars (e.g. Madau et al. 1996; Baldry et al. 2008; Conroy & Wechsler 2009; Guo et al. 2010; Moster et al. 2010 Moster et al. , 2013 Behroozi et al. 2010 Behroozi et al. , 2013 . Below halo masses of 10 A&A proofs: manuscript no. outflow_NaD_SDSS_V1_submitted feedback from active galactic nuclei (AGN) is believed to provide an effective mechanism to eject the gas away from the galaxy via powerful winds, which suppress the star formation through lack of fuel (Di Matteo et al. 2005; De Lucia et al. 2006; Croton et al. 2006; Hopkins et al. 2006; Bower et al. 2006; Hopkins et al. 2014; Henriques et al. 2017) . However, despite the ability of these models in predicting a large variety of observational evidence, such as the evolution of the stellar mass function (e.g. Henriques et al. 2017 ), a clear concensus regarding which kind of feedback processes dominate as a function of luminosity and cosmic epoch is poignantly lacking. Over the past 20 years, several efforts have been made to observe the presence of such winds at different redshift and mass scales, and to study their effect on the evolution of the host galaxy.
Galactic SF-induced outflows are believed to be "ubiquitous" in highly active star-forming galaxies at all cosmic epochs (see Veilleux et al. 2005 and Erb 2015 for a comprehensive overview), usually associated with energetic starburst phenomena (e.g. Heckman et al. 1990; Pettini et al. 2000; Shapley et al. 2003; Rupke et al. 2002 Rupke et al. , 2005a Martin 2005 Martin , 2006 Steidel et al. 2010; Hill & Zakamska 2014 ). Yet, their effect on normal star-forming galaxies (Chen et al. 2010; Martin et al. 2012a; Rubin et al. 2014) and their global impact on the baryon cycle is still hotly debated (Steidel et al. 2010 ).
Energetic outflows driven by AGN winds are observed at low (e.g. Feruglio et al. 2010; Villar-Martín et al. 2011; Rupke & Veilleux 2011 Greene et al. 2012; Mullaney et al. 2013; Rodríguez Zaurín et al. 2013; Concas et al. 2017 ) and high redshift (e.g. Maiolino et al. 2012; Tremonti et al. 2007; Brusa et al. 2015; Perna et al. 2015; Cresci et al. 2015) . Despite the increasing number of these observational evidence, it is still difficult to establish which AGN properties is driving the outflow and what is the effect on the host properties and evolution (e.g. Mullaney et al. 2013; Brusa et al. 2015) . In addition, it is not clear yet if the AGN feedback can enhance ("positive feedback") or quench ("negative feedback") the SF activity of the host galaxy (e.g. Cresci et al. 2015; Maiolino et al. 2017 and Harrison 2017 , for a review).
Most observational evidence, for both SF and AGN induced outflows, have been based so far on relatively small samples of particular category of galaxies (e.g. Greene & Ho 2005; Mullaney et al. 2013 for optically-selected AGN, Chen et al. 2010 for star-forming galaxies without AGN contribution) leading to strong selection biases. As a first attempt to perform such study in an unbiased sample, Concas et al. (2017) use the Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009 ) spectra to investigate the incidence of outflows as ionized gas in the SFR-M ⋆ plane. Such analysis shows that the [OIII] emission line profile does not exhibit any signature of outflow in normal SF galaxies. Instead, the outflow signature becomes more and more prominent with the incidence of the AGN contribution.
It is now well established that the galactic winds are complex multi-phase phenomena, observed in neutral, ionized, and molecular gas phase in both SFGs (e.g. Heckman et al. 1990; Pettini et al. 2000; Shapley et al. 2003; Veilleux et al. 2005; Rupke et al. 2005a,b; Chen et al. 2010; Martin et al. 2012a; Rubin et al. 2014; Bordoloi et al. 2014; Erb 2015) and AGN dominated objects (e.g. Rupke et al. 2005c; Förster Schreiber et al. 2014; Feruglio et al. 2010 Feruglio et al. , 2015  Fig. 1 . SFR-M ⋆ plane for DR7 SDSS galaxies. The dashed red line divides the galaxies with high SFRs that shows blue-shifted Na D lines from the rest of the sample below. The white line shows the position of the so-called "Main-Sequence" (MS) of star−forming galaxies. The MS is computed as the mode and the dispersion of the SFR distribution in stellar mass bins following the example of (Renzini & Peng 2015) . Sturm et al. 2011; Harrison et al. 2014; Cimatti et al. 2013; Liu et al. 2013; Villar-Martín et al. 2011; Zakamska & Greene 2014; Genzel et al. 2014; Perna et al. 2017b; Brusa et al. 2015 Brusa et al. , 2016 Talia et al. 2017; Concas et al. 2017) . However, there is no general framework capable to explain the relations between the different wind phases and their respective statistical incidents. In a recent work, Rupke et al. (2017) , by studying a sample of 10 nearby Type 1 quasars, showed that only 70% have ionized outflows, 80% have neutral outflows, and 50% have both, while Perna et al. (2017b) found a completely different incidence rate for 563 less luminous AGNs at z < 0.8 (Type 1 and 2 sources). The authors show that only 40% of the sample exhibit signatures of ionized outflows and signatures of neutral outflow are found only in one target (< 1% of the sample). It is important, therefore, to investigate the incidence of the different winds phases, their correlations and the dependence of the outflow properties as a function of different galaxy properties in an unbiased and statistical sample. In this paper, by using a large sample of optical spectra at redshift z < 0.3, drawn from the SDSS, we extend the analysis of the ionized gas wind showed in Concas et al. (2017) by exploring the main kinematic proprieties of the neutral interstellar medium (ISM). Specifically, we focus on the study of the interstellar neutral gas as traced by the NaI λ5890, 5895 (NaD) resonant lines, which provide an unambiguous wind signature of blue-shifted absorbing material in front of the continuum source (e.g. Heckman et al. 2000; Rupke et al. 2002 Rupke et al. , 2005a Schwartz & Martin 2004; Martin 2005; Rupke & Veilleux 2015; Cazzoli et al. 2016; Rupke et al. 2017) . Our main goal is to characterize the kinematics of the neutral outflows and investigate 1) how they are related to the host galaxy properties, such as SFR, stellar mass and galaxy geometry, 2) identify the main triggering mechanism: star formation, AGN or a mixed contribution of the two effects, and 3) explore if there is a difference between this cool neutral gas and the warmer ISM tracer by the [OIII]λ5007 emission line in the same galaxies. Percentage of the Na D excess (Na D obs > Na D mod ) objects, in the SFR-M ⋆ diagram for the singles Na D measurements of MPA-JHU catalog (only object with SNR >2 in the single observed Na D Lick measurements). The Na D excess objects dominate the high M ⋆ region, while the number of the Na D deficiency (Na D obs < Na D mod ) objects increases at low stellar masses. The white line shows the mode and dispersion of the MS.
This paper is organized as follows. Firstly, we describe our sample selection and physical properties in Section 2. The details of the method of creating stacked spectra and measuring the NaD line profile are described in Section 3. We present and discuss the main results in Section 4 and finally we summarize our findings in Section 5. Throughout this paper, we adopt the following ΛCDM cosmology with H 0 = 70 km s
, Ω M = 0.3 and Ω Λ = 0.7
The Data
The dataset used in the present study is based on the Sloan Digital Sky Survey, (SDSS, York et al. 2000) spectroscopic catalog, data release 7 (DR7, Abazajian et al. 2009) . In particular, we analyze objects drawn from the Main Galaxy Sample (MGS, Strauss et al. 2002) which have Petrosian magnitude r < 17.77 and redshift distribution spanning 0.005 < z < 0.30. The spectra are obtained with 3 ′′ diameter fibers, that cover a wavelength range from 3800 < Å < 9200, with an instrumental resolution of R ≡ λ/δλ ∼ 1850 − 2200 and a mean dispersion of 69 km s
. See http://www.sdss.org/dr7/ for more exhaustive details concerning the DR7 spectra.
Throughout the paper, we make use of the M ⋆ and SFR measurements taken from the MPA-JHU catalogue 1 . Briefly, the stellar masses were estimated by fitting the broad-band optical photometry (Kauffmann et al. 2003 ) and the SFR measurements are based on the Brinchmann et al. (2004) procedure. The Hα emission line luminosity is used to determine the SFRs for the star forming galaxies and the D4000-SFR relation (e.g. Kauffmann et al. 2003 ) for all galaxies that have emission lines contaminated by AGN activity or not measurable emission lines. All SFR measures are corrected for the fiber aperture as described by Salim et al. (2007) . We restrict the selection to galaxies with stellar mass log(M/M ⊙ ) ≥ 9.0, to limit the incompleteness in the low mass regime. In this way, we ended up with a global sample of ∼ 600000 galaxies.
1 http://www.mpa-garching.mpg.de/SDSS/DR7/ The MPA-JHU catalog also includes, for each single spectrum, the flux values of several emission lines. In order to distinguish normal star-forming from AGN dominated galaxies, according with the Baldwin, Phillips, & Terlevich(1981, BPT) Concas et al. (2017) we define new galaxy subsamples on the basis of the prevalence of different photoionization processes: SF, SF−AGN, AGN−SF, LINERs and TYPE 2, respectively 20.6%, 7.4%, 11.2%, 5.6% and 1.7% of the total sample. In this paper the LINERs and TYPE 2 galaxies are classified together as AGN galaxies. All the galaxies with no or very weak emission lines (S /N < 4), 53% of the total sample, are not classifiable using the BPT diagram and we call these objects "unClass". However, as is done in Concas et al. (2017) , also the "unClass" galaxies are taken into account in our analysis. We refer the reader to Concas et al. (2017) for more details.
Throughout the paper, we made use of the galaxy structural parameters taken from the bulge/disk decomposition of Simard et al. (2011) catalogue (hereafter, S11). The S11 catalogue provides an estimate of its bulge and disk magnitudes, inclination and the global bulge-to-total flux ratio (B/T) for ∼ 1.12 million galaxies in the SDSS. We refer to this sample hereafter as Sample C17, containing ∼ 600, 000 galaxies which corresponds to the galaxy sample presented in Concas et al. (2017, hereafter C17) . The galaxy sample is shown in the SFR-stellar mass plane in Fig.1 . The color code is according to the number density of galaxies per bin of SFR and stellar mass. We overplot also the Main Sequence of star forming galaxies (MS hereafter), estimated as the peak (mode) of the distribution in the star forming galaxy region, similarly to Renzini & Peng (2015) .
ISM NaD in galaxy spectra
In this work we focus on the NaI doublet at λλ5890,5896 Å resonant lines in the rest-frame optical galaxy spectra. This radiative transition arises from the neutral sodium atoms at temperatures T < 1000K. The transition which gives rise to the doublet is from the ground-state configuration 3s to the energy levels of the 3p configuration composed by two states with total angular momentum j=3/2 and j=1/2 (spin-orbit effect). The continuum photons emitted by the stellar component are absorbed by the NaI atoms and are re-emitted when the electrons in the 3p configuration decay spontaneously to the ground-state. As a resonant line, the NaI doublet can be observed both in absorption and in emission.
To increase the low SNR of the NaD in the SDSS spectra, we apply a stacking procedure. However, due to the resonant nature of the NaD, absorption and emission can mix up in the stacking with the effect of compensating each or biasing the result. Thus, we first perform here an analysis of the distribution of NaD in absorption and emission in the SFR-M⋆ plane to define the correct criteria for the stacking analysis.
It is now generally recognised that more than one process causes the formation of this sodium doublet in a galaxy spectrum, including 1) the absorption and re-emission of stellar radiation by the ISM as well as 2) the absorption of radiation produced in the stellar interiors by the most external gas layers (stellar contribution). Often the stellar absorption contribution can be very prominent, especially in the spectrum of cold stars (e. g. Rupke et al. 2005a; Chen et al. 2010) . Before exploring the distribution of the ISM Na D of the single galaxy spectra, in the SFR-M⋆ diagram we need to take into account the stellar contribution. We did this preliminary check by using the information A&A proofs: manuscript no. outflow_NaD_SDSS_V1_submitted , which furnish a measure of the Na D absorption-line strength parametrised by the Na D Lick index (as defined in Worthey et al. 1994) . The catalogue include measurements of the Na D Lick index performed directly in the low signal to noise single spectrum, Na D obs and the respective error, Na D obs_err . In addition by fitting the observed spectra with a library of synthetic stellar populations templates, based on the population synthesis code of Bruzual & Charlot 2003 , also a best-fit stellar model for each single spectrum is catalogued (see the details of the fit procedure in Tremonti et al. 2004 ) along with the Lick index measure calculated in the stellar continuum model. By comparing the Na D obs value and the respective synthetic Na D mod , we can evaluate the Na D ISM contribution, defined as Na D obs − Na D mod in each single spectrum. In order to be unbiased from spurious results, we perform this preliminary analysis for the objects with an observed Lick index SNR >2 (Na D obs / Na D obs_err > 2, only the ∼ 47% of our C17 sample).
In agreement with previous works based in the SDSS galaxy spectra (e.g. Chen et al. 2010 , Jeong et al. 2013 ), we find galaxies with a sodium excess, Na D obs > Na D mod (hereafter Na D excess) and galaxies with a weaker NaD absorption than in the stellar population models, Na D obs < Na D mod (hereafter Na D deficiency).
The distribution of the NaD excess objects in the SFR-M⋆ plane is reported in Fig.2 . We find that the two distinct distributions exist in this plane. The percentage of the Na D excess objects is prominent (∼ 80% of the higher S/N in the observed Lick index sample) at high stellar masses, roughly M ⋆ > 10 10.5 M ⊙ , while at low mass regime, the Na D strength in the observed spectra is globally lower than expected in the stellar best-fit models. The nature of these discrepancies (Na D excess and deficiency) between the observed and theoretical Na D measurements is explored in detail in Section 4.
However, the bimodal distribution of the emission and absorption (Na D deficiency and excess, respectively) in our single NaD values allows us to perform the stacking analysis in 2 http://wwwmpa.mpa-garching.mpg.de/SDSS/DR7/SDSS_indx.html the SFR-M⋆ plane with the caveat that the central region, at M ⋆ = 10 10.5 M ⊙ , is the most uncertain. However, at lower and higher masses, only less than 20% percent of contaminants in absorption and emission, respectively, can bias the results.
Method
In this section, we describe how we fit and remove the stellar absorption contribution and ionized emission lines and how we measure the properties of the ISM Na D resonant line in our stacked spectra.
Stacked spectra and stellar continuum fit
In order to improve the signal-to-noise ratio (SNR) of our single spectra and, at the same time, to connect the NaD feature to the galaxy properties (SFR, M ⋆ , galaxy inclination and main ionization source), we stack together the optical spectra of the C17 Sample in bins of SFR and M ⋆ (∆ log(M/M ⊙ ) = 0.2 and ∆ log(S FR) = 0.2 dex). Following the approach of C17, we obtain 148 galaxy stacked spectra in the C17 Sample (see the fine grid in Fig. 1 in C17) .
We use a combination of the publicly available codes pPXF Cappellari & Emsellem (2004) and GANDALF Sarzi et al. (2006) to find and remove the best fit stellar continuum and then simultaneously fits the nebular emission lines that can affect the Na D region. As in C17 we used the BC03 stellar library Bruzual & Charlot 2003 to produce a model of the stellar spectra that matches the observed line-free continuum in the wavelength range 3800 < λ < 6900 Å. Any interstellar medium emission and absorption lines, including NaD, are ignored in our fit. Our templates include simple stellar population with ages 0.01 ≤ t ≤ 14 Gyr, four different metallicities, Z/Z ⊙ = 0.2, 0.4, 1, 2.5 and assume a Chabrier (2003) initial mass function (IMF).
As an example, Fig 3 shows als in bottom panels) performed for one stacked spectrum in the regions near the Mg I (left panel ) and Na D (right panel). From this plot, we infer that our approach provides an excellent fit to the stellar continuum shape and nebular emission lines in the galaxy median spectra. In particular our stellar models are able to reproduce the expected stellar Mg I triplet at λ5167,5173,5185, which is known to be proportional to the stellar Na I D contribution in galaxy spectra (see Heckman et al. 2000; Rupke et al. 2002 Rupke et al. , 2005a and references therein); in the Mg I region the residuals are below the mean level of fluctuations in the total fit. The Na D fit is affected by residuals from a blue-shifted extra absorption Na D component.
After this procedure, the entire host stellar continuum and ionized emission lines (in particular the HeIλ5876 Å ) are subtracted from the observed stacked spectrum. This "residual" spectrum (bottom right panel in Fig. 3 ) is used for any analysis of Na D line features. The error of the "residual" spectrum is obtained through bootstrap resampling methods shown in C17.
Measuring the ISM NaD absorption line profiles
In our stacked spectra, the velocity structure of the NaD line is generally complicated; this resonant line shows absorption, emission, or a combination of two contribution across the galaxies physical parameters (as also found in the star forming galaxy spectra showed in Chen et al. 2010 and in the nearby quasars in Rupke & Veilleux 2015; Rupke et al. 2017) . To correctly quantify the centroid velocity and velocity dispersion of the Na D resonant line, a careful treatment of the absorption and emission lines is mandatory. Each stacked spectrum is fit with three distinct models using the IDL MPFIT fitting code.
Model 1. The first model, one − f ree − doublet model, consists of a pair of Gaussians with a single kinematic component (as in previous works, e.g. Davis et al. 2012; Cazzoli et al. 2014 Cazzoli et al. , 2016 . The four free parameters of the model are the line centroid of the strongest blue absorption in the doublet (λ 1 ), the line width (σ 1 ), the amplitude of the blue component (A λ5890 ), and the ratio between the amplitudes of the blue and red components (A λ5890 /A λ5896 = α). The central blue wavelength of the Na D doublet (Na D λ5890), λ 1 is tied to define a single Doppler shift to respect the galaxy's systemic velocity (defined as the systemic redshift, λ = 5890 Å), ∆V 1 .The ratio between the two amplitudes, is limited to vary between an optically thin α=2 and optically thick absorbing gas, α=1 Spitzer (1978) . This approach allows us to characterise the kinematics of the global observed doublet without introducing other model dependent parameters. However, some stacked spectra show complex profiles, that suggest the presence of an additional Gaussian pair, in emission or in absorption (e.g. Chen et al. 2010; Cazzoli et al. 2016) . This is motivated by two main facts. First, the scattering processes that arise in the flowing material can produce a P Cygni-like profiles of Na D (see the analysis of the absorption and emission-line profiles for the Mg II λ2796, 2803 doublet and Fe II multiplet at λ2600 Å in cold gas wind models shown in Prochaska et al. 2011) , characterized by blue-shifted absorption plus resonance line emission at roughly the systemic velocity.
To model both the P Cygni profile and the interstellar absorption or emission at the systemic velocity, we introduce a second pair of Gaussians at the one − f ree − doublet model. In particular we define two new models of double doublets: the two − f ree − f ix − doublet and the two − f ree − doublet, respectively, model 2 and 3.
Model 2. The two − f ree − f ix − doublet consist of two gaussian doublets: one fixed to the systemic velocity and one free to varies in the wavelength space. The model is described by: the line centroid of the two doublets (λ 1 and λ 2 ), the lines widths (σ 1 and σ 2 ), the amplitudes of the blue lines (A λ5890 1 and A λ5890 2) and the ratio α 1 and α 2 . We note that often the two − f ree − doublet leads to unphysical solutions, since the absorption or emission troughs are not well resolved. In order to not incur in this spurious results, the width of the second pair of Gaussians is constrained to the velocity dispersion of the nebular gas previously fitted to the Hα emission line (this is similar to those assumed in previous studies e.g. Cazzoli et al. 2016 and Martin et al. 2012b by using the [OII] doublet). The model described the observed line with five free parameters. As in the first model the flux ratio (α 1 and α 2 ) is set to vary between 1 and 2. The velocity of the outflowing gas is now expressed by the shift of the central blue wavelength (λ 1 ), ∆V 2 .
Model 3. The two − f ree − doublet is equal to the model 2 but with both the doublets free to vary in the wavelength range (seven free parameters). In this way, also the non systemic red component (in emission or absorption) is well fitted. The blue-shift of the outflowing component is is referred to as ∆V 3 .
To avoid overfitting and allow for the correct number of Gaussian doublets used in each Na D line fit, we employ the the Bayesian Information Criterion (Liddle 2007) :
is the chi squared of the fit, p is the number of free parameters and n is the number of flux points used in the fit. We measure the BIC value by using the three fitting methods described above, BIC1, BIC2 and BIC3, respectively. The model with the smallest value of the BIC is chosen as the preferred model for the data. We visually inspect each fit to evaluate the success of this procedure. According with this statistical method we use ∆V 1 , ∆V 2 and ∆V 3 and σ 1 ,σ 2 and σ 3 to quantify the blue-shift and the width of the outflowing component.
In order to estimate measurements uncertainties, the observed spectrum is perturbed randomly accordingly with the A&A proofs: manuscript no. outflow_NaD_SDSS_V1_submitted observed S/N. We simulate, in this way, 1000 different realizations of the same observed spectrum. Than, we fit the new noisy spectra with our 3 methods. Each quantity (∆V 1 , ∆V 2 , ∆V 3 , σ 1 ,σ 2 and σ 3 ) is measured on all the new template spectra, the 68% confidence interval is adopted as a measure of the uncertainty. As in Rupke et al. (2005b) , we define a blue-shifted detection only if the difference between the velocity peak and the systemic velocity is > 70 km/s (instrumental resolution of our SDSS data). To better parameterize the blue wings of the neutral Na D velocities, we also provide a measure of the maximum velocity, V max = ∆V − 2σ as defined for the absorption Na D component in Rupke & Veilleux (2015) .
Results

NaD lines in the global sample
After subtraction of the stellar continuum, we measure the residual equivalent width, EW(NaD), in all the 148 stacked spectra of the C17 Sample. In Fig. 4 we show the EW(NaD) obtained for all stacked spectra in the SFR−M ⋆ parameter space. As found for the individual galaxies spectra in Section 2.1, we find that, also in the stacked spectra, the SFR-M ⋆ plane is populated by both positive and negative EW(NaD) values, which correspond to residual Na D in absorption and in emission, respectively. In particular, we observe three different regions in the plane in which the NaD shows high absolute EW.
At low stellar masses, M ⋆ < 10 10.5 M ⊙ , we find NaI D in emission, which corresponds to having a more prominent NaD stellar absorption contribution than in the observed spectrum as it is shown in the left top panel of Fig. 5 . Previous studies have reported the presence of sodium deficiency objects having Na D that are weaker than expected based on stellar population models that match the stellar continuum (e.g. Jeong et al 2013) . By using a similar galaxy subsample of low redshift galaxy, z<0.08, drawn from the SDSS, Jeong et al. (2013) found that most of their Na D deficient objects exist in local galaxies and are caracterized by strong emission-line in their optical spectra. Example of Na D emission line detection is also presented in few late-type galaxies by Bica & Alloin (1986) . At higher stellar masses, the EW(NaD) increases from negative to positive values (Fig. 4) , with stronger SNR at very high SFRs and also in the quiescent region. In this high mass regime, in both very high and low SFRs, the observed NaD ISM absorption line shows an excess with respect to the stellar absorption models (positive EW(NaD)values in Fig. 4) . The trends found are noticeable directly in the observed spectra of the left central and bottom panels of Fig.5 , see the mismatch between the black observed spectrum and the best fit stellar model in red.
We applied the Gaussian fit method described in Section 3.2 to all the 148 stacked spectra in order to derive the neutral gas Article number, page 6 of 13 A. Concas et al.: Two-Face(s): ionized and neutral gas winds in the local Universe. kinematics, ∆V and σ, according the statistical criteria explained before.
AGN only total
For galaxies located at low stellar masses (M ⋆ < 10 10.5 M ⊙ ) the NaD emission line is centered around the systemic velocity and well within the SDSS instrumental dispersion (∼ 70km/s). An example of the NaD emission and its modelling with a centered sodium doublet is shown in the top right panel of Fig.5 .
At higher stellar masses (M ⋆ > 10 10.5 M ⊙ ) and lower level of SFR, the residual Na D line shows a deeper absorption component with respect to the stellar contribution (positive values of EW(NaD) in Fig. 4) . As an example, we report a quiescent stacked spectrum in the bottom left panel of Fig.5 (see the difference between the black observed spectrum and the red stellar model). By fitting this absorption extra line, (Fig.5 right bottom panel) we find that, also in this case the velocity of the line is consistent with the systemic velocity within the instrumental resolution.
The origin of the Na D excess in the early-type galaxies has been strongly debated. A possibility is that the absorption of the stellar light doe to the presence of neutral sodium atoms in the ISM. However the very low dust mass in the most massive local early type galaxies make the ISM, the less probable explanation for our Na D excess. Another possibility is that the NaD excess is related to the extra sodium abundance in the stars. The discovery of the extra Na D and Mg b to respect the solar abundance in early-type galaxies is first reported by O'Connell (1976) and Peterson (1976) . Then this finding is well confirmed by several studies (e.g. Carter et al. 1986; Alloin & Bica 1989; Thomas et al. 2003; Worthey 1998; Worthey et al. 2011) . Finally, also a bottom-heavy stellar initial mass function (IMF) in the ETGs can produce a sodium excess in the galaxy spectrum. This possibility is explored in several studies (e.g van Dokkum & Conroy 2010 , 2012 Spiniello et al. 2012 and Parikh in prep.) . However, these results are still a matter of debate. We point out that, the study of the Na D at the systemic velocity, whatever its origin, stellar (IMF or chemical abundance) and/or ISM, is well above the scope of this paper.
If we finally focus on the massive (log(M) ⋆ > 10.7 M ⊙ ) late type (log(SFR)> 0.0 M ⊙ /yr) galaxies, as it shown in Fig.6 we find that only for galaxies with very high SFRs tail (stacked bins with SFR≥ 12.5M ⊙ /yr, green, cyan and blue curves in the figure), the Na D is statistically detected with good level of significance > 3σ and the line velocity (∆V), appears to be blue-shifted with respect to the systemic velocity, ∆V ≥ 100km/s.An example of our line fit, for galaxies with high SFR and high M ⋆ , is reported in the middle right panel of Fig.5 .
It is known that the AGN dominated objects (LINERs and TYPE 2 objects in our AGN subsample) are located at high stellar masses with a distribution that cover the entire plan in the SFR range, from the high SFR tail to the quiescent galaxy and the region in between (Leslie et al. 2016) . In order to check if there is a correlation between the results showed before for the total galaxy sample and the AGN activity, we investigate separately the AGN galaxy subsample. As shown in the bottom panel of Fig.6 , also for this subsample, we find the same trend between the NaD shape and the SFR. The incidence of NaD blue-shifted line seems to be independent to the AGN presence in the galaxy host.
Cold winds in starburst galaxies
Based on the results shown in the previous Section, we analyse the galaxies located at high SFRs, in which there are clear signs of measurable blue-shifted interstellar Na D absorption lines. We select all the galaxies with SFR ≥ 12.5M ⊙ /yr. We refer to this sub-sample as the starburst Sample, containing 15, 284 galaxies (see the cut in Fig. 1 and information in Tab. 1).
Trends with galaxy inclination
In order to study the wind geometry in our high star-forming galaxies we split the starburst Sample in six bins of inclination angle. Figure 7 illustrates the interstellar Na D absorption profiles for composite spectra in six different inclination bins. We find a clear trend between the blue-shifted absorption profiles and the galaxy inclination: the neutral sodium line shows a transition from a strong disk-like component, perfectly centered to the systemic velocity, in the edge-on system (inclination i > 50
• of the disk rotation axis), to an outflow, blue-shifted, component in face-on galaxies (i < 50
•
). This result is perfectly consistent with the finding of Chen et al. (2010) Fig. 7 . Variation of the ISM Na D resonant line profile as a function of the galaxy inclination for the galaxies with SFR≥ 10 1.1 M ⊙ /yr including "Pure" SF galaxies and galaxies with an AGN contribution. The line is centred to the systemic velocity in the edge-on sample and it shows a progressive blue-shift according with the decrease of the mean disk inclination. The maximum shift is reached by the more face-on galaxies (blue curve).
A quantitative analysis of these six ISM Na D is performed according with the fit methods described in Section 3.2. Fig. 8 shows the mean velocity shift (top panel) and relative efficiency of the parameterized models, expressed by the BIC value (bottom panel), as a function of the disk orientation. We find that the Na D lines in galaxy samples with inclination bigger that ≥ 50
• can be reproduced with a sample one − f ree − doublet model, lower BIC value in model 1 (filled circles in the figure) . The velocity of the line peak is consistent with the systemic velocity of the galaxy (∆V ∼ 0 km/s). In the low inclination spectra, we find a very complicated Na D line structure. In particular, we find evidence for the presence of a blue-shifted absorption component and a line-emission at roughly the systemic velocity, consistently with the P-Cygny predictions showed in the cool gas wind models of Prochaska et al. (2011) (Monte Carlo radiative transfer techniques) for the Mg II and Fe II resonance lines and in the semi-analytical line transfer model of Scarlata & Panagia (2015) . For these low inclination samples the methods 2 and 3 better reproduce the line shape, as it is showed in the Fig. 8 bottom panel by the low BIC values of 2 and 3. In the face-on galaxy sample the velocity of the line peak reaches a maximum value of ∆V ∼ 200 km/s and maximum velocity of V max ∼ 460 km/s.
Finally we find that the width of the outflowing component is quite stable for all the 3 methods adopted and in each inclination with a mean value of σ ∼ 130 ± 30 km/s (see Fig. 9 ).
Trends with AGN and SF activity
In order to investigate if the interstellar Na D shift is tied to a particular triggering mechanism, star formation end/or AGN activity, we split the starburst sample into subclasses based on their BPT classification (see Tab. 1 for the subsample informations). This allows us to characterise the sample by their distinct ionisation sources. We perform our analysis on the stacked spectra of each subclass (SF, SFAGN, AGNSF and AGN galaxies ). We find that the trend with the galaxy inclination described in the previous section is present in all the ionization classes. In the left panels of Fig. 10 , we report the NaD stacked spectra in two main inclinations bins: face-on (blue curves) and edgeon systems (magenta curves), with inclination ranges i < 50
• and i > 50
• respectively, for the "pure SF" and AGN galaxies. The face-on system clearly show a Na D blue-shifted line while the edge-on samples are chaterized by a doublet perfectly located at the systemic λ values. The average peak velocities computed in the samples with i > 50
• are all compatible with ∆V = 0 km/s: we do not detect outflowing neutral Na D gas in the edge-on galaxies, in both SF and AGN dominated galaxies. The sodium line only appear to be more prominent in the edgeon systems compared to the lower inclination samples (see the magenta curves in the left panels of Fig. 10 ). This extra Na D absorption can be consistent with a stronger attenuation of the stellar light through the galaxy disk (disk self-absorption).
The NaD line in the face-on AGN galaxies samples appears to be slightly more blue-shifted than in the SF case. However, a more quantitative analysis shows that there is not a significant Fig. 9 . NaI D velocity dispersion of the outflowing component estimate with the 3 methods (circles, squares and triangles for the method 1, 2 and 3 respectively) described in Section 3, for all the inclination subsamples, from face-on to edge-on systems, in blue and red respectively. The width of the outflowing component is quite stable for all the 3 methods adopted with a mean value of σ ∼ 130 ± 30 km/s. difference in the velocity shift in the face-on systems of all the ionization subsamples. The peak velocities values are all consistent within 1σ error with a mean value of ∆V ∼ 200 km/s and a mean maximum velocity shift of V max ∼ 480km/s. The results of our fits would indicate that there is no strong correlation between the evidence of neutral gas wind and presence of the central optically selected AGN.
Ionized winds in starburst galaxies
In this section we compare the presence of neutral, cold gas winds with respect to the ionized outflowing gas phase. In particular, we analyse the [OIII]λ5007 emission line in the same galaxy stacked spectra, showed in the previous sections: faceon and edge-on systems split in "pure" SF and AGN dominated objects. See the right panels of Fig. 10 .
Similar to what was found in C17, also for the galaxies with higher SFR, we find that the purely star forming galaxy population, with no signature of AGN activity, shows an unperturbed symmetric Gaussian [OIII] line profile, while the AGN systems display a prominent and asymmetric profile.
In order to quantify the blue wings contribution in the emission line, following the procedure described in C17, we model the [OIII]λ5007 with 1 and 2 Gaussian profiles. This approach allows us to decompose the emission oxygen line in the 2 different Gaussian components and to evaluate the presence of a second broad and blue-shifted component which we interpret as outflowing ionized gas wind. We do not find any evidence for a second broad and blue-shifted component in the "pure" SF samples, in both the face-on and edge-on systems. The oxygen line width increase from the SF samples, FWHM= 328.4 ± 4.4 km/s and 376.5 ± 7.2 km/s for the face-on and edge-on systems, to the broader AGN cases, characterized by a FWHM= 616.3 ± 15.6 km/s and 656.2 ± 19.2 km/s for the face-on and edge-on systems. For the AGN samples (both face-on and edge-on systems) we find a second broad and blue shifted gaussian component characterized by a velocity peak of ∼ 125 ± 45 km/s, velocity dispersion of ∼ 460 ± 30km/s and a mean V max ∼ −1042 ± 106 km/s (see the line decomposition in Fig. 10 ).
Despite what we find for the neutral gas phase in the previous section (and clearly shown in the left panels of Fig.10 ), the [OIII] line shape does not depend on the galaxy disk inclination (right panels of Fig.10) . In both the AGN (bottom right panel) and "pure" SF (top right panel) sample the oxygen line of the face-on systems perfectly overlaps with that of the edge-on subsamples. We check that this result is true for all the ionization classes, SF, SFAGN, AGNSF and AGN. The evidence of outflowing ionized gas in the AGN contaminated samples seems to be unconnected to the stellar disk geometry.
As a main result, by comparing the Na D resonant line shape and the [OIII] emission line in the same galaxy stacked spectra, we find a clear evidence of cold-gas outflows in face-on SF galaxies but any wind feature in the ionized gas counterpart traced by the [OIII] . In the AGN case, the cold-gas wind is observed in face-on systems together with the ionized counterpart regardless of the inclination angle.
In both neutral and ionized phase, the outflow velocity is relatively small, of the order of 200 and 500 km/s for the peak velocity shift and the maximum velocity, respectively. We use the catalog of halo masses of Yang et al. (2007) to retrieve the mean halo mass of the pure SF and AGN. The region of the SFR-M * diagram considered here, at high stellar masses and SFR, is dominated at 60% by central galaxies of massive halos of 10 12.5−13 M ⊙ , whose escape velocity largely exceeds the outflow velocity observed here. Thus, we conclude that, on average, the outflowing gas will never escape the halo potential well. Cazzoli et al. (2016) found very consistent results in the analysis of ∼ 50 local LIRGs and ULIRGs.
A&A proofs: manuscript no. outflow_NaD_SDSS_V1_submitted . The spectra are extracted from the "pure" SF galaxies (top panels) and for the AGN subsample (right panels). The Na D line shift clearly correlate with the galaxy inclination in both the SF and AGN dominated samples. The [OIII] emission line are independent to the galaxy morphology but shown a strong shape variation between the SF and AGN subsamples. In the oxygen AGN panel, the black dashed lines illustrate the two-Gaussian components, narrow and broad blue-shifted component, needed to best fit the data.
Summary and Conclusions
We present here the results of a study based on a statistically significant sample of local galaxies, drawn from the SDSS, including passive, star-forming and starburst galaxies, to look for evidence of galactic neutral gas winds. We use, in particular, the Na D absorption feature as a tracer. We interpret the blueshift of this feature with respect to the galaxy systemic velocity, as evidence of outflowing gas and we measure its mean and maximum outflow velocity. The single SDSS spectra, at relatively low SNR, are stacked together in bins of SFR and M ⋆ to study the neutral gas wind occurrence as a function of the galaxy position with respect to the MS of star forming galaxies. We additionally divide the galaxies in bins of main photoionization mechanisms (AGN and SF activity or a combination of the two) and inclination, in order to identify the most likely ejecting mechanism (SF or AGN feedback) and to investigate the outflow geometry, respectively.
The stellar continuum is carefully subtracted in order to remove the Na D stellar absorption component and so to enhance the residual ISM component (see Fig.3 ).
We find that the galaxies at very high stellar masses M ⋆ > 10 10.5 M ⊙ , in the passive and starburst regions, respectively, show a clear residual absorption component after subtracting the stellar continuum (see Fig. 4 and Fig 5) . While for passive galaxies this is found consistent with the systemic velocity of the galaxy, for starburst galaxies, at SFR > 12.5M ⊙ /yr, the residual component is clearly blue-shifted (see top panel of Fig. 6 ). In the former case it is still unclear whether the residual component is due to the ISM or to an extra sodium abundance in the stars or an effect of a bottom-heavy IMF in the ETGs. In the latter case, instead, the clear blueshift suggests the presence of outflowing gas. The same results are obtained irrespective of the BPT classification: the AGN population follows the same trend in the SFR-M ⋆ plane as the bulk of the galaxy population (see Fig.6 ).
We perform an in depth analysis of the galaxies in the starburst region (SFR > 12.5M ⊙ /yr) at very high mass to study the geometry of the outflow. The Na D residual absorption shows a progressive blue-shift with respect to the systemic velocity with the decrease of the disk inclination (see Fig.7 ). The maximum velocity shift of ∼ 200 km/s in the peak velocity and, ∼ 460 km/s in the maximum velocity is observed in the low inclination/ face-on galaxies and it decreases to zero in edge-on systems (see Fig.8 ). This would suggest that the outflow direction is perpendicular to the disk or it exhibits a large opening angle. The same is obtained for the AGN population in the same range of SFR and stellar mass.
In addition, in the face-on galaxies the Na D residual component profile is also characterized by a typical P-Cygni profile (see blue curve in Fig.7) . According to the theoretical predictions of Prochaska et al. (2011) Monte Carlo radiative transfer model and of Scarlata & Panagia (2015) semi-analytical line transfer model, the P-Cygni profile can by interpreted as the overlap of the absorption component, created in the material between the galaxy and the observer, and the emission, produced by scattering photons into the line of sight. This particular feature is also consistent with recent IFU observations of Na D resonant lines in low redshift QSO systems (e.g. Veilleux 2015 and Rupke et al. 2017) .
We compare the line profile of Na D residual component with the [OIII] line profile to check for the co-existence of neutral and ionized gas outflow (see Fig.10 ). Even at the highest SFR, purely SF galaxies do not show evidence of outflow in the [OIII] profile (see top right panel of Fig. 10 ), which is perfectly fitted by a single Gaussian component. For the AGN population in the same region, instead, the [OIII] emission line exhibits an asymmetric profile (see bottom right panel of Fig.10) , consistent with the presence of an extra broad and blue-shifted component (see C17 and references therein). Thus, we do observe both neutral and ionized phase gas outflow only in the AGN population. This is in agreement with the results obtained by Rupke et al. (2005b) , who find agreement between neutral and ionized wind kinematics only in Seyferts but not in starbursts systems.
However, the [OIII] line profile in the AGN population does not show any correlation with the galactic disk inclination (see bottom right panel of Fig.10 ). We argue that the geometry of the ionized phase wind, likely powered by the central black hole (BH), most likely depend on the BH accretion disk inclination, which does not depend on the inclination of the galactic disk on much larger scale. This is also consistent with the findings of Rupke et al. (2017) in luminous QSO.
These results would suggest that the blue-shifted Na D component is outflowing from the galactic disk and it is likely powered by the local star formation activity of the disk itself in both pure SF systems and AGN. This result is in agreement with Sarzi et al. (2016) , who, by using a sample of ∼500 SDSS galaxy spectra and FIRST radio emission, detect signature of neutral outflows only in objects dominated by central starburst or composite AGN/star-formation activity (see also Perna et al. 2017a) . Similar results are also recently showed by Nedelchev et al. (2017) , that find a lower incidence of cold gas winds in a sample of single SDSS Seyfert 2 galaxy with respect to the non active galaxy control sample.
We point out that our results do not exclude that strong neutral gas wind might be caused by BH feedback in powerful QSOs, as observed e.g. by Rupke et al. (2005a) and (Rupke & Veilleux 2011 . However, such systems are very rare objects in the Local Universe and they do not dominate the mean in the stacking analysis presented in this work. Thus, we conclude that for the AGN population, the ionised gas outflow traced by the [OIII] profile asymmetry is powered by the BH feedback, whereas the neutral gas outflow traced by the Na D profile is generating from the star forming disk.
The low outflow velocities (see Section 4.3) suggest that the neutral and ionized phases of the outflowing gas remain bound to the galaxy and likely fall back to the disk. These "light breezes" observed in the SDSS galaxy spectra are consistent with the "gas circulation" scenario proposed by Fraternali & Binney (2006 , see also Fraternali 2017 for a review). In this scenario, the cold gas is driven out of the disk by SF feedback, mixes with the hot halo gas, and falls back to the disk in a ballistic fashion, creating a fountain cycle. Such gas circulation may sustain the SF activity for a long time since the hot, metal-poor, gas in the halo cools down to the disk after mixing with the cold, metal-rich, fountain gas.
We do not find, however, any evidence of accreting gas in any of the analysed stacked spectra. This may be related to the low velocities of the inflowing material. For typical spiral galaxies, the fountain gas is expected to fall back at velocities of the order of 70 km/s or less (as predicted by Fraternali & Binney 2006 for NGC 891 and by Marasco et al. 2012 for the Milky Way), which are comparable to the velocity resolution of the SDSS spectra. Furthermore, as discussed by Fraternali (2017) , the fountain gas could fall back at larger radii with respect to the location where the peak of the SFR density occurs. The 3" diameter fiber in the SDSS spectra does not allow us to sample the more external region of the galaxies. Finally, recent parsec-scale hydrodynamical simulations, including the presence of thermal conduction, show that the efficiency of the fountain-driven gas accretion strongly decreases with increasing the virial temperature of the gas halo (Armillotta et al. 2016 ): this effect can by particularly important for our massive galaxies which reside in high-mass dark matter halos.
In conclusion, much higher spectral resolution observations and full spatial coverage are necessary to better understand the fate of the moderate outflowing gas observed here, put new constrain on gas circulation models, and improve our understanding of the galaxy baryon cycle.
